Based on the combination of petrologic characteristics of the deposits and carbon-14 dating of charcoal pieces, we determined the burial age of the ancient Roman villa, believed to belong to the first Roman Emperor Augustus, at the northern foot of Mt. Vesuvius. Volcanic deposits covering the site consist of three geological formations related to the eruptive activity of Mt. Vesuvius. Juvenile material of the lowest formation show the same whole-rock chemical composition as that of the AD472 eruption, and carbon-14 ages of charcoal in and below the deposits coincide with AD472, indicating that the villa was first buried by the AD472 eruption. The villa itself is thought to have been already abandoned, judging from the depositional relation of the Plinian-fall and pyroclastic surge deposits to the damaged building frames.
INTRODUCTION
Age determination of volcanic deposits is one of the most important issues in archaeology. The extent of fertile areas around volcanoes provides suitable places for habitation. Those areas are occasionally attacked by volcanic ejecta, such as an ancient Roman town Pompeii, where a human settlement was instantaneously buried and all lives were sealed below the deposit, which offers enormous information on the ancient culture. Two methods are available for determining the age of volcanic deposits: one is to measure the age of carbonaceous materials such as charcoal, contained in the deposit, and the other is to correlate the stratum with those of known ages based on their geologic and petrologic characteristics. Independent use of these methods, however, may not give a decisive age, particularly in cases where multiple eruptions occurred in a short time span or lithologically similar strata were deposited repeatedly. To obtain a reliable result on the age of volcanic deposits, we adopted a combination of these two different methods: correlation of petrologic characteristics and carbon-14 ages, and applied 100 200 300 400 500 600 700 (Sigurdsson et al., 1985) . 
Fig. 1. Location of the excavation sites (a) and (b) and a photograph of the site (taken on 29 September 2003) (c)
.
STRATIGRAPHY OF THE DEPOSITS
Vesuvius is an active strato-volcano with a 15 km basal diameter and a maximum elevation of around 1281 m, and has been active for more than 25 thousand years. Deposits covering the villa are about 7-8 m thick, and can be roughly divided into three geological groups, based on depositional hiatuses and lithological differences (Fig.  2) . Group I, the lowest unit, consists of, in ascending order, thin layers of Plinian scoria-fall, ash-fall and pyroclastic surge deposits (G1-Af-the only Plinian deposit in this site), four thick layers of pyroclastic flowderived mud flow deposits (G1-Mf-1~4) and debris flow (fluvial) deposits (G1-Df), capped by a soil layer (G1-So). Group II, conformably overlying the Group I soil, consists of air-fall ash (pyroclastic surge?) deposits (G2-Af1), a mud flow deposit (G2-Mf), thick layers of semiconsolidated air-fall ash deposits (G2-Af2-1~2) and debris flow (fluvial) deposits involving two thin air-fall deposits at the upper part (G2-Df). Group III is made up of several layers of unconsolidated air-fall deposits (G3-Afs), including traces of cultivation on the surface of the middle layer. Each of Groups I and II is basically considered to have been generated by one major to moderate eruption, while Group III may consist of several recent small eruptions, due to a possible time gap as mentioned later.
Judging from the type and distribution of deposits and age of eruption events (Rosi and Santacroce, 1983; Sigurdsson et al., 1985; Mastrolorenzo et al., 2002; Rolandi et al., 2004) , the eruptions that could potentially have buried the site are AD79 or AD472. During the recent activity of Vesuvius, Plinian eruptions, spreading pumice or scoria to the wide areas including Somma Vesuviana, occurred in ~BC1600 (Avellino eruption), AD79 (Pompeii eruption) and AD472 (Pollena eruption) . Among these events, the Avellino eruption can be eliminated because of the original architecture of the ruin, which belongs to the ancient Romans. Absence of Medieval relics from the site and Medieval documents suggesting destruction of the Raman villa by eruption are also concordant with above inference-buried in AD79 or AD472.
PETROLOGICAL CHARACTERISTICS OF THE GROUP I DEPOSITS
We collected juvenile material from the lowest unitair-fall scoria of Group I (G1-Af), together with those from the AD79 and AD472 eruptions at their type localities-Ottaviano and Pompeii (Fig. 3) .
The scoria fragments of G1-Af are greyish in colour and poorly vesiculated, and contain olivine, clinopyroxene, biotite, nepheline, leucite, apatite and FeTi oxide (trace) as phenocrysts. The lighter colour pumice of the AD79 eruption shows higher vesicularity and contains olivine, clinopyroxene, biotite, plagioclase, leucite, amphibole, Fe-Ti oxide and sphene as phenocrysts. The AD472 dark grey scoria is less vesiculated and has phenocrysts of olivine, clinopyroxene, biotite, nepheline, leucite, apatite and garnet (trace), which is the same mineral assemblage as that of the AD472 scoria reported by Rosi and Santacroce (1983) . The colour and surface texture of the Group I scoria are very similar to those of the AD472 scoria ( Fig. 3 right) , as well as the phenocryst assemblage, except sporadic trace minerals.
In order to confirm the petrographic inferences, we determined their whole-rock chemical compositions using a Philips 2400 XRF instrument of the ERI, University of Tokyo (see Table 1 for detail). The following procedures were adopted for preparing the analytical samples. For major-and trace-element analyses, 1.0 g of powdered oven-dried sample was mixed with 5.0 g of ovendried anhydrous lithium tetraborate (Li 2 B 4 O 7 ) (1:5), except VS20030929-01a~01d, where 0.175 g of powdered oven-dried samples was mixed with 3.5 g of Li 2 B 4 O 7 (1:20). The mixture was fused in a Pt-Au (95:5) crucible to form a glass bead, which was used for the measurements. (Rolandii et al., 1993) (Sigurdsson et al., 1985) , which has the same lighter colour as that observed at Ottaviano. Scoria of G1-Af (49-50% SiO 2 ) has almost the same chemical composition as that of the AD472 eruption, including trace elements, while those of the AD79 eruption show the similar K 2 O but higher SiO 2 (53-55% SiO 2 ; consisting of two chemical groups of relatively higher and lower SiO 2 ) contents (Fig. 4 and Table 1 ). The composition of scoria of G1-Af is also identical to that of the AD472 scoria reported by Rosi and Santacroce (1983) and Ayuso et al. (1998) . These chemical relationships show that Group I is a product of the AD472 eruption, not the AD79 one, which means that the villa was first buried by the products of the AD472 eruption. Group II could be a product of one of the younger moderate-scale eruptions, such as the AD512 event. (Bronk Ramsey, 1995 , 2001 
(see text for detail). The isotopic fractionation was corrected by determining the 13 C/ 12 C ratio in an ordinary mass spectrometer for "ERI-SV-2(2)"(δ 13 C PDB = -24.7‰) and by AMS for "ERI-SV-2(1)", "VS2003-1001-4", "ERI-SV-1" and "ERI-SV-930-7".

C DATING OF THE GROUP I DEPOSITS
To confirm the depositional age of Group I, we measured carbon-14 ages of the carbonaceous materials taken within and below Group I. As very few carbonaceous materials were found in the main parts of Group I, we mainly used those from the soil layer at the top (GI-So) and the surface of the building frames of the ruin overlaid by the Group I deposits. Analytical portions were carefully chosen from the clean part of the samples collected in the field, and examined and identified to remove any foreign materials. Dating was carried out by AMS at three laboratories (National Institute for Environmental Studies, Beta Analytic Inc. and Institute of Accelerator Analysis Ltd.), using graphite targets converted from CO 2 from each sample, after acid-alkali-acid (for carbonized chip of wood) or acid (for snail shell) leaching treatment. The results are shown in Fig. 2 and Table 2 (calibrated ages based on dendro-chronological data, INTCAL98 (Struiver et al., 1998) , using "OxCal" radiocarbon calibration software (Bronk Ramsey, 1995 , 2001 ). Snail shells from the uppermost soil layer (G1-So, "VS2003-1001-4") and carbonized chips of wood in the same layer ("ERI-SV-2 (1), (2)"), in one of the mud flow deposits of Group I (G1-Mf-1, "ERI-SV-1") and on the ruined building wall (apsis) buried by the Group I deposits ("ERI-SV-930-7"), gave calibrated radiocarbon ages ranging from AD240 to AD610 (1 sigma probability). Each of the age ranges includes AD472 except for the snail shell ("VS2003-1001-4"). The above age data confirm that Group I is a deposit of the AD472 eruption, in total agreement with the petrologic results. Disagreement of the snail shell ("VS2003-1001-4") age probably resulted from the effect of limestone in land-snail shell (Goodfriend and Stipp, 1983) as well as the small amount of this sample, which might have caused larger error than expected (1 sigma probability).
DISCUSSION
Based on the combination of petrologic characteristics of the deposits and carbon-14 dating, we clarified that the AD472 eruption first buried the "Augustus' villa". What was the condition of the villa at that time? This is an important clue to understanding the social situation of that age. Figure 5 shows one of the suggestive outcrops at the floor level of the building, where the air-fall and pyroclastic surge deposits (G1-Af) directly cover alreadydemolished building frames. This indicates these blocks were situated here at the time of the AD472 eruption, which means that the villa had already been demolished before AD472. This is just four years before the fall of the Western Roman Empire (AD 476). Therefore, if the ruin is truly a villa of Augustus, one can infer that the ruling power of the Roman Empire had at this time decayed even at the center of the territory.
Since the AD472 eruption, the Roman ruin has been incrementally buried by the major eruptive activity of Mt. Vesuvius. In the AD472 eruption, air-fall and pyroclastic surge (G1-Af) deposits buried the site to a depth of about 10 cm. Following that, mud flows (G1-Mf-1~4) of pyroclastic-flow origin flowed into the villa during the eruption and buried the lower half of the original construction. Group II, mostly consisting of fine ash layers including accretional lapilli (G2-Af1, G2-Af2-1~2), was probably deposited by phreato-magmatic eruptions. The existence of a soil layer (G1-So) at the top of Group I shows that the age of Group II deposition is younger than the AD472 eruption. In the final stage of Group II deposition, debris flow (fluvial) deposits (G2-Df) flowed into the ruin and eroded the lower units including a part of Group I, particularly in the western side of the surveyed area. This is probably because fine ash layers of phreatomagmatic eruptions (e.g., G2-Af2-1~2) acted as an impermeable layer and gathered surface water in a topographic low, and the ponded water then flooded the Roman ruin. Such fluvial deposits may have occurred during and just after the end of eruption. Group III might have been deposited by recent small-scale eruptions (G3-Afs), including a repose period suggested by traces of cultivation on the surface of the middle layer, and covered the area to its present depth. Combined age determination with carbon-14 dating and petrologic characteristics of the deposits successfully revealed the correct burial age of "Augustus's villa" to be AD472. A more detailed scenario of burial process of the "Augustus' villa" will be clarified from chemical analysis and dating of the Group II and III deposits.
